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,QWURGXFWLRQ
7KH IRUPLGDEOH DGYDQWDJH RI VSDFHERUQH ,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU ,Q6$5 LV LWV DELOLW\ WR
PRQLWRU VPDOO GLVSODFHPHQWVRYHUZLGH DUHDVZLWKRXW WKHQHHG IRU LQVLWXREVHUYDWLRQVZKLOHSURYLGLQJ DFFXUDF\
VLPLODU WR WKH FRQYHQWLRQDO WHUUHVWULDO WHFKQLTXHV HJ OHYHOOLQJ RU*OREDO1DYLJDWLRQ 6DWHOOLWH 6\VWHPV*166
,Q6$5KDVFXUUHQWO\EHHQDSSOLHGLQDQXPEHURIDSSOLFDWLRQVHQFRPSDVVLQJWKHXVHRIVSDFHERUQHVHQVRUVRSHUDWLQJ
DW D UDQJH RI ZDYHOHQJWKV DQG UHVROXWLRQV 5HVXOWV IURPPXOWLSOH V\VWHPV RSHUDWLRQDO VLQFH  RIWHQ UHYHDO
GLIIHUHQWIHDWXUHVLQWKHH[DFWVDPHVFHQH7KHUHSHDWSDVVQDWXUHDQGGLIIHUHQWV\VWHPFKDUDFWHULVWLFVJLYHULVHWRWKH
ORZFRKHUHQFHGXHWRWHPSRUDOGHFRUUHODWLRQRYHUVXUIDFHVZLWKYHJHWDWLRQFKDQJHVRURWKHUVXUIDFHFKDQJHSURFHVVHV
DQGJHRPHWULFDOGHFRUUHODWLRQGXHWRODUJHSHUSHQGLFXODUEDVHOLQHEHWZHHQDFTXLVLWLRQV7KHZLGHYDULHW\RIFXUUHQWO\
DYDLODEOHVSDFHERUQH6$5VHQVRUVDOORZVIRUWKHFRPELQHGXVHRIGLIIHUHQWIUHTXHQFLHVDQGVSDWLDOUHVROXWLRQVIRU
FRPSOHWHQHVVDQGFRPSDULVRQUHDVRQV(PSKDVL]LQJWKHRSHUDWLRQDOVDIHW\RIDQWKURSRJHQLFVWUXFWXUHVDVDFRPPRQ
UDGDUVFDWWHULQJREMHFWVDQGXVXDOWDUJHWVRIFRQYHQWLRQDOPRQLWRULQJWHFKQLTXHVWKH,Q6$5WHFKQRORJ\DSSHDUVWR
EHDFUHGLEOHFDQGLGDWHIRUSURYLGLQJFRQWLQXRXVGHIRUPDWLRQPRQLWRULQJWKURXJKRXWWKHKLVWRULFDOGHFDGHVXQWLOQRZ
)ROORZLQJ WKH RQJRLQJ UHVHDUFK 6$5 GDWD DFTXLUHG E\ (56 (QYLVDW 7HUUD6$5; 6HQWLQHO$ DQG5DGDUVDW
VDWHOOLWHVDUHXWLOL]HGLQRUGHUWRLPSURYHWKHNQRZOHGJHDERXWWKHVSDWLDODQGWHPSRUDOHYROXWLRQRIWKHEXLOGLQJVDQG
LQIUDVWUXFWXUHVZLWKLQ WKHXUEDQL]HG DUHDRI%UDWLVODYD FDSLWDO FLW\RI6ORYDNLD7KDQNV WR WKH UHOHQWOHVVERRP LQ
FRQVWUXFWLRQ IORRGV RFFXUULQJ HYHU\ ILYH \HDUV RQ DYHUDJH JHRORJ\ FRQWDLQLQJ QXPEHU RI WHFWRQLF IDXOWV DQG
FRQVLGHUDEOHDPRXQWRIKHULWDJHVWUXFWXUHVLQWKHFHQWHUDQGLQGXVWULDOFRPSOH[HVRQWKHRXWVNLUWVVWUXFWXUHVVDIHW\
FRQFHUQV JDLQ LQ LPSRUWDQFH 0RUHRYHU ZLWK WKH HYLGHQFH RI EXLOGLQJV DIIHFWHG E\ WKH VWDWLF SUREOHPV DQG
FRPSRQHQWVRI*DEFLNRYR1DJ\PDURVZDWHUZRUNVLQVXUURXQGLQJWKHHIILFLHQWDVVHWPDQDJHPHQWWRPHHWVWULQJHQW
GHPDQGVRQVDIHW\DQGUHOLDEOHSHUIRUPDQFHRIVXFKREMHFWVEHFRPHVDGLVFLSOLQHRIFDSLWDO LQWHUHVW:LWKDOUHDG\
RSHUDWLRQDO6HQWLQHO$PLVVLRQDQG IUHHDFFHVVLEOHQHDUUHDO WLPHGDWD WKH H[SHULPHQWV DQG FRPSDULVRQVRQ WKH
SHUIRUPDQFHRIWKHV\VWHPIRUXUEDQGHIRUPDWLRQPRQLWRULQJDUHFDUULHGRXWLQRUGHUWRGHYHORSHIIHFWLYHPRQLWRULQJ
VWUDWHJLHVWKDWZRXOGEHDEOHWRFRQWLQXRXVO\FROOHFWWKHSK\VLFDODQGG\QDPLFSDUDPHWHUVRIWKHDUHDVRILQWHUHVW

)LJ$QRYHUYLHZPDSRIJURXQGWUDFNRIHYHU\6$5VDWHOOLWHSODWIRUPLQXVH
(19±(QYLVDW76;±7HUUD6$5;617±6HQWLQHO$567±5DGDUVDW$6&±DVFHQGLQJ'(6&GHVFHQGLQJ
6WXG\DUHD
%UDWLVODYDWKHFDSLWDOFLW\RI6ORYDNLDLVVLWXDWHGLQLWVVRXWKZHVWRQWKHERUGHUVZLWK$XVWULDDQG+XQJDU\DQG
QHDUWKHERUGHUZLWK&]HFK5HSXEOLF7KHFLW\KDVDWRWDODUHDRINPDQGZLWKDSRSXODWLRQRIDERXWLW
LVDOVRWKHFRXQWU\¶VODUJHVWFLW\:LWKDQH[FOXVLYHORFDWLRQDQGJRRGLQIUDVWUXFWXUHWKHFLW\DWWUDFWVLQYHVWRUVDQG
GHYHORSHUVZKDWKDVUHVXOWHGLQXQSUHFHGHQWHGERRPLQFRQVWUXFWLRQLQUHFHQW\HDUV%UDWLVODYDVWUDGGOHVERWKEDQNV
RIWKH'DQXEH5LYHUDQGWKH&DUSDWKLDQPRXQWDLQUDQJHEHJLQVLQWKHFLW\WHUULWRU\,QWKHODVWILYHKXQGUHG\HDUVWKH
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'DQXEH5LYHUFDXVHGDKXQGUHGRIGHYDVWDWLQJIORRGV)URPJHRORJLFDOSRLQWRIYLHZWKH/LWWOH&DUSDWKLDQVDQGWKH
DUHDRI9LHQQD%DVLQDUHWHFWRQLFDOO\DQGVHLVPLFDOO\WKHPRVWLQWHUHVWLQJUHJLRQVRI6ORYDNLD7KHGLVSODFHPHQWWLPH
VHULHVRYHUVWUDWHJLFREMHFWVDUHSUHVHQWHGIURPPRQLWRULQJRI&XQRYRGDP&XQRYRGDPLVWKHILUVWOHYHORIRQHRI
WKHELJJHVW(XURSH¶VZDWHUZRUNV*DEFLNRYR1DJ\PDURVSDUW&XQRYRSURGXFLQJ0:RIHOHFWULFLW\,Q
(XURSH
VODUJHVWDUWLILFLDOZKLWHZDWHUVODORPFRXUVHWKH:DWHU6SRUWV&HQWUH&XQRYRZDVEXLOWRQDULYHULVODQGDW
WKHKHDGRIWKHE\SDVVFDQDO,QWHUIHURPHWULF6\QWKHWLF$SHUWXUH5DGDU,Q6$5WHFKQLTXHVDSSOLHGLQWKLVVWXG\VKRZV
KLJKSRWHQWLDO IRUFRQWLQXRXVPRQLWRULQJRIJURXQGPRWLRQDQGVWUXFWXUDO VWDELOLW\ LPSRUWDQW IRU ULVNPDQDJHPHQW
DSSOLFDWLRQV
0HWKRGRORJ\
7KHZRUNDLPVWRSHUIRUP3HUVLVWHQW6FDWWHUHU,Q6$5DQDO\VLVLPSOHPHQWHGLQ6$5352=VRIWZDUHFRYHULQJ
WKHWDUJHWDUHDZLWKUDGDULPDJHVVSDQQLQJ\HDUVRI6$5REVHUYDWLRQV7KHGDWDVHWVDQDO\]HGLQ
WKLVZRUN)LJDUHVXPPDUL]HGLQ7DEOH
7DEOH'DWDVHWXVHGDQG36SRLQWVDYDLODELOLW\
6DWHOOLWH 7UDFN 3DVV ,PDJHV 3HULRG 0DVWHU $PRXQWRI36V 'HQVLW\36NP
(56  'HVFHQGLQJ   -XO  
  'HVFHQGLQJ   0DU  
(QYLVDW  $VFHQGLQJ   -XQ  
  'HVFHQGLQJ   -XO  
7HUUD6$5;  'HVFHQGLQJ   0D\  
6HQWLQHO$  $VFHQGLQJ   -XO  
  'HVFHQGLQJ   -XO  
5DGDUVDW 2UG $VFHQGLQJ   6HS  
7KHDUHDRILQWHUHVWWRLQYHVWLJDWHWKHGLVSODFHPHQWSKHQRPHQDLVFRYHULQJDSSUR[LPDWHO\E\NLORPHWUHV
§NP7KH0DVWHUDFTXLVLWLRQVKDYHEHHQVHOHFWHGE\RSWLPL]LQJWKHGLVWULEXWLRQRISHUSHQGLFXODUDQGWHPSRUDO
EDVHOLQHV WRJHWKHUZLWKDVVHVVLQJ WKH LQIRUPDWLRQDERXW WKHZDWHUYDSRXUFRQWHQWDQGSUHFLSLWDWLRQGXULQJ0DVWHU
DFTXLVLWLRQWLPH)RUDOOLQWHUIHURPHWULFSDLUVWKHDEVROXWHYDOXHVRISHUSHQGLFXODUEDVHOLQHVDUHOHVVWKDQP,Q
WKHEHVWFDVH WKH WHPSRUDOEDVHOLQHYDULHVZLWK WKH LQWHJHUPXOWLSOHRIGD\VIRU(56DQG(QYLVDWGD\VIRU
7HUUD6$5;GD\VIRU6HQWLQHO$DQGGD\VIRU5DGDUVDW7KHYDULDWLRQRISHUSHQGLFXODUEDVHOLQHVLVKLJKHU
IRUIRUPHU6$5PLVVLRQV(56DQG(QYLVDWZKHUHXVXDOO\DIHZIURPWRDFTXLVLWLRQVUHDFKHVWKHVRFDOOHGFULWLFDO
EDVHOLQH§NPDIWHUZKLFKWKHGDWDDUHIXOO\GHFRUUHODWHG+RZHYHUWKLVLVQRWWKHFDVHRIQHZERUQPLVVLRQV
OLNH7HUUD6$5;6HQWLQHO$DQG5DGDUVDWZKHUHWKHDEVROXWHYDOXHVRISHUSHQGLFXODUEDVHOLQHVDUHORZHUWKDQ
P P DQG P UHVSHFWLYHO\ FRQVLGHULQJ WKH IDFW WKDW FULWLFDO EDVHOLQH YDOXH FKDQJHV IRU HDFK VHQVRU
VSHFLILFDOO\ IRU;EDQG § NP REVHUYDWLRQV 7KH VDPH WHQGHQF\ RI LPSURYHG RUELWDO FKDUDFWHULVWLFV LQPRGHUQ
VDWHOOLWHV LV HYLGHQW LQ UHJDUG WR WKH WLPH VDPSOLQJ RI WKH DFTXLVLWLRQV DVZHOO:KLOVW (56 DQG(QYLVDW GDWD DUH
XQHTXDOO\VDPSOHGWRWKHH[WHQWRIPRQWKV¶JDSVEHWZHHQREVHUYDWLRQVEHVLGHWKHWLPHJDSRI(566$5GDWDDW
WKHHQGRIXQWLOEHJLQQLQJRI WKH WLPH LQWHUYDOVEHWZHHQ WZRVXFFHVVLYHDFTXLVLWLRQVRI7HUUD6$5;
6HQWLQHO$DQG5DGDUVDWDUHVKRUWHUDQGRUVDPSOHGPXFKPRUHUHJXODUO\'XULQJ WKHFRXUVHRISURFHVVLQJ WKH
SUHFLVHRUELWGDWDKDYHEHHQDSSOLHGLIDYDLODEOHDQGH[WHUQDO/,'$5GLJLWDOVXUIDFHPRGHO'60GDWDKDYHEHHQ
XVHGLQRUGHUWRJHWSUHFLVHJHRORFDWLRQRI363HUVLVWHQW6FDWWHUHUSRLQWV)RUWKHVDPHSXUSRVHVLQJOHJURXQG
FRQWUROSRLQW*&3VKRZLQJFOHDUDQGXQLTXHUHIOHFWLRQLQUHIOHFWLYLW\PDSVIURPDOOWUDFNVKDYHEHHQVHOHFWHG7KH
/,'$5GDWDKDYHEHHQDFTXLUHGE\1DWLRQDO)RUHVW&HQWUHXVLQJ/HLFD$/6DLUERUQHODVHUVFDQQHUDQGSURFHVVHG
ZLWK7HUUDVROLGVRIWZDUH$FFRUGLQJWRGDWDSURYLGHUWKHDFFXUDF\RIDGLJLWDOVXUIDFHPRGHOLVLQUDQJHRI
FPRYHUXUEDQL]HGDUHDVZKDWLVWREHHYDOXDWHGE\LQVLWXPHDVXUHPHQWVLQIXWXUHDQDO\VLV7KHDSULRULVHOHFWLRQRI
36FDQGLGDWHVZDVEDVHGRQDFRPELQDWLRQRITXDOLW\SDUDPHWHUVUHODWHGWRWKHDPSOLWXGHRIWKHUDGDUVLJQDO)LUVWD
WKUHVKROG RI  RQ DPSOLWXGH VWDELOLW\ LQGH[ IRU FUHDWLQJ D QHWZRUN WR HVWLPDWH SUHOLPLQDU\ SDUDPHWHUV DQG
DWPRVSKHULFSKDVHVFUHHQ$36ZDVXVHG7KXVWKH$36LVHVWLPDWHGXVLQJWDUJHWVZLWKKLJKDPSOLWXGHVWDELOLW\LQ
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RUGHU WR FDUU\ RXW WKH UREXVW LQYHUVLRQ XVLQJ VSDWLDO DQG WHPSRUDO ILOWHULQJ 7KH VSDFH VPRRWKQHVV DVVXPSWLRQ LV
LPSOLFLWLQWKHVSDFHFRQQHFWLRQVRIWKH$36JUDSKDQGODWHULQDVVXPLQJDFRPPRQUHIHUHQFHSRLQW%\FDOFXODWLQJ
WKHWHPSRUDOFRKHUHQFHDIWHUUHPRYLQJWKHSUHOLPLQDU\HVWLPDWHGSDUDPHWHUVDQGWKHHVWLPDWHG$36WKHFRKHUHQFH
YDOXHLVH[DPLQHGZKHWKHULWSUHVHUYHVKLJKDQGKRPRJHQHRXVYDOXHVRYHUWKHYDVWPDMRULW\RIDQDO\VHGDUHD7KLV
LPSOLHVWKDWWKHSUHOLPLQDU\SDUDPHWHUVDQGWKH$36DUHPDWFKLQJWKHSKDVHVHULHVRIWKHGDWDDQGVHOHFWLRQRIDODUJHU
VHWRISRLQWVEDVHGRQUHIOHFWLYLW\PDSLVSRVVLEOHGXULQJ$36UHPRYDO$IWHU$36FRPSHQVDWLRQSKDVHWLPHVHULHV
DUH DQDO\VHG 7ZR NH\ SDUDPHWHUV DUH HVWLPDWHG KHUH KHLJKW DQG YHORFLW\ 7KH WLPH VPRRWKQHVV DVVXPSWLRQ IRU
HVWLPDWLQJ WKH OLQHDU WUHQG YHORFLW\ RI WKH GLVSODFHPHQW LV LPSOLFLW IRU WKLV VWHS )RU DOOPXOWLWHPSRUDO ,Q6$5
DSSURDFKHV WKH PRGHO DVVXPSWLRQV DUH DVVXPHG LQ RUGHU WR VROYH WKH V\VWHP RI HTXDWLRQV 7KH WLPH DQG VSDFH
VPRRWKQHVV DVVXPSWLRQ DGRSWHG LQ WKLV ZRUN VLPLODUO\ WR WKH FODVVLFDO 36,Q6$5PHWKRGRORJ\ PD\ FDXVH WKH
DWPRVSKHULF VLJQDO WREH FRQWDPLQDWHGE\ WKH VLJQDORI LQWHUHVW ,QRWKHUZRUGV D IDVWPRYHPHQWRU DQRQOLQHDU
GHIRUPDWLRQZHPLJKWEH LQWHUHVWHG LQPLJKW IDOVHO\ OHDN LQWR WKHDWPRVSKHULFVLJQDO$SKDVHGHOD\DWPRVSKHULF
FRUUHFWLRQVEDVHGRQPHWHRURORJLFDOPRGHOVZLWKDVVHVVPHQWRIWKHWURSRVSKHULFQRLVHDUWHIDFWVLVUHFRPPHQGHG
LQRUGHUWREHWWHUHYDOXDWHVXFKSUREOHPV6LQFHWKHWURSRVSKHULFQRLVHLVH[SHFWHGWREHVPDOOHUGXHWRWKHVPDOOHU
H[WHQWRIWKHVWXG\DUHDDQGGXHWRJHRORJLFDOEDFNJURXQGWKHUHDUHQRH[SHFWDWLRQVRIHYHQWVVXFKDVIDVWRUQRQ
OLQHDUPRYHPHQWVLWLVQRWDSSOLHGKHUH)LQDOO\IRUHDFK36DGLVSODFHPHQWWLPHVHULHVUHODWHGWRWKHUHIHUHQFHSRLQW
LGHQWLILHG LQ WKH VWDEOH DUHD DUH FRPSXWHG$ MRLQW UHIHUHQFHSRLQWZLWK FRQVWDQW DPSOLWXGHEHKDYLRXU LQ DOO6$5
GDWDVHWVDQGYLVLEOHWKURXJKRXWWKHZKROHPRQLWRULQJSHULRGZDVVHOHFWHG7KHDUHDRIDUHIHUHQFHSRLQWLVORFDOLVHGLQ
WKH VWDEOH SDUW RI WKH 6ORYQDIW LQGXVWULDO ]RQH RYHU FRQFUHWH VLOR VWUXFWXUH IUHTXHQWO\ PRQLWRUHG E\ LQWHUQDO
PHDVXUHPHQWVWKDWDUHVXEMHFWWRWKHUHVWULFWLRQRQGLVFORVXUHRILQIRUPDWLRQ7KHUHIHUHQFHSRLQWLVVDPHIRUDOOWUDFNV
DQGDOOVHQVLQJJHRPHWULHVLQRUGHUWRSURSDJDWHHUURUVRIWKHUHIHUHQFHSRLQWWRDOOGDWDVHWVVLPLODUO\DQGNHHSUHVXOWV
FRPSDUDEOH
5HVXOWV
7KHOLQHRIVLJKW/26YHORFLWLHVLQPLOOLPHWUHVSHU\HDUREWDLQHGE\36,Q6$5SURFHVVLQJDUHGHSLFWHGIRUSRLQWV
ZLWKWHPSRUDOFRKHUHQFHJUHDWHUWKDQIRUHYHU\DQDO\VHGWUDFNLQ)LJXUH7KHGLVSODFHPHQWUDWHVDUHLQFRPPRQ
LQWHUYDORIPP\HDUUHDFKLQJWKHQRLVHOHYHORIWKHWHFKQLTXH7KHSRVLWLYHYDOXHVEOXHFRORXURI/26YHORFLWLHV
DUHFRUUHVSRQGLQJWRGLVSODFHPHQWWRZDUGVWKHVDWHOOLWHLHXSOLIW2QWKHRWKHUKDQGUHGDUHDVDUHVKRZLQJVXEVLGLQJ
SDUWV RI WKH GLVSODFHPHQW ILHOG RU PRWLRQ DZD\ IURP WKH VDWHOOLWH $QDO\VLQJ WKH GLVSODFHPHQW PDSV VWURQJ
GLVSODFHPHQWPRPHQWXPRYHUZLGHUDUHDVRIWKHLPDJHLVQRWREVHUYDEOH7KHYHORFLWLHVDUHKRPRJHQHRXVO\FRQVWDQW
VXJJHVWLQJWKDWWKHXUEDQDUHDLVVXIILFLHQWO\VWDEOHH[FHSWWKHWUHQGVREVHUYDEOHLQ6HQWLQHO$)LJIJWKDWDUH
PRVWOLNHO\FRUUHVSRQGLQJWRWKHDUWHIDFWVIURPSURFHVVLQJRIQHZ72367HUUDLQ2EVHUYDWLRQZLWK3URJUHVVLYH6FDQV
PRGHDQGQHHGWREHDQDO\VHGIXUWKHU7KHVXEVLGLQJWUHQGVDUHDOVRSUHVHQWLQ7HUUD6$5;UHVXOWVZLWKLQWKHYLFLQLW\
RIKLJKZD\VDQGUDLOZD\VFRPPXQLFDWLRQV)LJH'XHWRWKHGLIIHUHQWVHQVLQJJHRPHWULHVDVFHQGLQJGHVFHQGLQJ
DQGVDWHOOLWHV¶FKDUDFWHULVWLFVWKHORFDWLRQVRI36VDUHFRUUHVSRQGLQJWRGLIIHUHQWSRLQWVRQWKHJURXQG)XUWKHUPRUH
GXHWRYDU\LQJLQFLGHQFHDQJOH(56(QYLVDW7HUUD6$5;6HQWLQHO$5DGDUVDW
WKH SURMHFWLRQ RI WKH /26 GLVSODFHPHQW WR WKH YHUWLFDO GLUHFWLRQ GLIIHUV IRU HDFK VDWHOOLWH $OVR WKH VFDWWHULQJ
PHFKDQLVPRI&EDQGVDWHOOLWHV(56(QYLVDW5DGDUVDW6HQWLQHO$DQGZDYHOHQJWKRI§FPGLIIHUVIURPWKDW
RI;EDQG7HUUD6$5;LQ§FPZDYHOHQJWK7KH6WULSPDSLPDJHPRGHRI(56DQG(QYLVDWVDWHOOLWHVDOVRRIIHUV
VLJQLILFDQWO\ORZHUVSDWLDOUHVROXWLRQRIPLQFRPSDULVRQWRPUHVROXWLRQRI7HUUD6$5;GDWDPIRU)LQH0RGH
RI5DGDUVDWGDWDDQG[PVSDWLDOUHVROXWLRQRI,QWHUIHURPHWULF:LGH6ZDWKPRGHRI6HQWLQHO$)RUHDFKVHQVRU
WKH/26YHORFLWLHVZHUHSURMHFWHGWR WKHYHUWLFDOGLUHFWLRQE\GLYLGLQJWKHPE\FRVLQHRIDQLQFLGHQFHDQJOH7KH
GLVSODFHPHQWPDSVFDQWKXVEHFRQQHFWHGWRJHWKHUWKURXJKWKHWULYLDOUHJXODUL]DWLRQRIWKHDUHDLQWRDQHTXDOO\VDPSOHG
JULG)LJL7KHVWUDWHJ\IRUFRQQHFWLQJGLVSODFHPHQWPDSVKROGVIRUVXEGLYLVLRQRIWKHDUHDLQWRWKHUHJXODU
JULGRI[PFRPSXWLQJPHDQYHUWLFDOYHORFLWLHVIRUWKHJULGFHOOVXVLQJDOOWKHVFDWWHUHUVDOORFDWHGZLWKLQ
WKH VDPH FHOO VHSDUDWHO\ IRU HDFK WUDFN  PHUJLQJ JULGV IURP DOO WUDFNV DQG FRPSXWLQJ PHDQ RI WKH YHUWLFDO
GLVSODFHPHQWIRUFRUUHVSRQGLQJJULGFHOOVZKHUH36VDUHSUHVHQWLQDOOWUDFNV)LJL$[PJULGFHOOKDV
EHHQFKRVHQDVWKHDYDLODELOLW\RI36VLQFRUUHVSRQGLQJJULGFHOOVIRUDOOWUDFNVLVKLJKHVWZKLOHJRLQJIURP
[P[P[P7KLVKDUVKSURFHVVKDVLQIRUPDWLYHFKDUDFWHURQO\DQGPRUHFRPSOH[
DSSURDFKVKRXOGEHFRQVLGHUHG)RUWKHVDNHRIEULQJLQJGLVWRUWLRQLQWRWKHVSDWLDOUHVROXWLRQRIHDFKVHQVRUDQGELDVLQJ
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WKHHVWLPDWHGYHORFLWLHVLWVHUYHVIRUWKHLGHQWLILFDWLRQRIWKHDUHDVWKDWDUHREVHUYDEOHIURPDOOVHQVRUVXVLQJFODVVLFDO
36,Q6$5DQDO\VLV7KHYHUWLFDOGLVSODFHPHQWVLQFRPPRQJULGFHOOV)LJLDUHQRWVLJQLILFDQWLQVL]HKRZHYHU
VSDWLDOO\WKHUHDUHLQWHUHVWLQJGLIIHUHQFHVLQVXEVLGLQJDQGXSOLIWLQJWHQGHQFLHVRYHU3HWU]DONDGLVWULFWDQG6ORYQDIW
LQGXVWULDO]RQH

)LJ/LQHRIVLJKW/26YHORFLWLHVPP\HDURYHU%UDWLVODYDXUEDQDUHDIURP36,Q6$5SURFHVVLQJRID(56GHVFHQGLQJWUDFNE(56
GHVFHQGLQJWUDFNF(QYLVDWDVFHQGLQJWUDFNG(QYLVDWGHVFHQGLQJWUDFNH7HUUD6$5;DVFHQGLQJWUDFNI6HQWLQHO$
DVFHQGLQJWUDFNJ6HQWLQHO$GHVFHQGLQJWUDFNK5DGDUVDWDVFHQGLQJWUDFNDQGLPHDQYHUWLFDOGLVSODFHPHQWPP\HDULQJULG
FHOOV[PZLWK36VDYDLODEOHIURPDOOWUDFNV
0DQPDGHVWUXFWXUHVPRQLWRULQJ
7KDQNVWRWKHGHYHORSPHQWRIKLJKUHVROXWLRQ6$5VHQVRUV7HUUD6$5;PDQ\SHUPDQHQWVFDWWHUHUVFDQEHIRXQG
LQRQHLQGLYLGXDOFRQVWUXFWLRQ)LJ'XHWRVKRUWHUZDYHOHQJWKFP7HUUD6$5;LQFRPSDULVRQWRWKRVHRI
&EDQGGDWDFP(56(QYLVDW6HQWLQHO$5DGDUVDWWKHSRVVLELOLWLHVRIPRQLWRULQJPDQPDGHVWUXFWXUHVZLWK
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KLJKHUDFFXUDF\KDVDOVREHFRPHWUXH

)LJ7KH36DYDLODELOLW\RYHUEXLOGLQJVRIWKH6ORYDN8QLYHUVLW\RI7HFKQRORJ\DQGWKH1DWLRQDO%DQNRI6ORYDNLDIRUGLIIHUHQWVHQVRUV
9LVXDOL]HGDUHWKHUHODWLYHKHLJKWVRI36SRLQWVLQPZLWKUHVSHFWWRWKHUHIHUHQFH'60
7KHGLVSODFHPHQW WLPH VHULHV DUH GHPRQVWUDWHG IURP WKHPRQLWRULQJ RI&XQRYRGDP )LJ ZKHUH WHUUHVWULDO
OHYHOOLQJGDWDFRYHULQJ\HDUVRIPRQLWRULQJSHULRGZHUHDYDLODEOH)URPWKH7HUUD6$5;PHDVXUHPHQWV)LJ
VXEVLGLQJHIIHFWVRYHUGDPSHQLQVXODDUHREVHUYDEOH)RUPRVWRIWKHFRPSRQHQWVRIWKHGDPWKHHVWLPDWHGYHORFLWLHV
DUHZLWKLQPP\HDULQWHUYDOKRZHYHUVLJQLILFDQWGLVSODFHPHQWRIXSWRPP\HDURFFXUVRYHUSUREOHPDWLF
SDUWVRIWKHGDPSHQLQVXODDQGLQ&XQRYRYLOODJHRQWKHZHVW

)LJD/LQHRIVLJKW/26GLVSODFHPHQWVPP\HDURYHU&XQRYRGDPDQGVXUURXQGLQJYLOODJHV&XQRYR+DPXOLDNRYRREWDLQHGIURP
7HUUD6$5;PHDVXUHPHQWV/26GLVSODFHPHQWPDSVIURPRWKHUVDWHOOLWHVLQE±K,QL36,Q6$5YHUWLFDOGLVSODFHPHQWWLPHVHULHVLQ
FRPSDULVRQWRWKHOHYHOOLQJGDWDOLJKWEOXH7KHYHUWLFDOGLVSODFHPHQWVPPSORWWHGLQLDUHFRUUHVSRQGLQJWR36SRLQWORFDWHGRQWKHGDP
ERG\PDUNHGLQZKLWHFLUFOHLQD
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'LVFXVVLRQDQGIXWXUHZRUN
6LQFHWKHUHVXOWVLQ6HFWLRQDQGDUHREWDLQHGRYHUZLGHXUEDQL]HGDUHDRI%UDWLVODYDXVLQJJOREDOSDUDPHWHUV
IRFXVRQDVPDOODUHDVDQGPDQPDGHVWUXFWXUHVLVVXJJHVWHGLQRUGHUWRLQFUHDVHWKH36GHQVLWLHVDQGWREHWWHUDVVHV
WKH GLVSODFHPHQW SKHQRPHQD $V LW LV VRPHWLPHV FRPSOLFDWHG WR UHVROYH LPSHUIHFWLRQV LQ VXSSRVHG PRGHOV IRU
HVWLPDWHGSDUDPHWHUVJOREDOO\VRPHRIWKHVHLPSHUIHFWLRQVFDQEHPLQLPL]HGRUHYHQQHJOHFWHGZKLOHZRUNLQJRQ
VPDOODUHDVHJDWPRVSKHULFHIIHFWV7RJHWKHUZLWKGLIIHUHQWVWUDWHJLHVIRUFKDQJLQJWKHSURFHVVLQJFKDLQRIWKH
VWDQGDUG36,Q6$5PHWKRGRORJ\VZLWFKLQJEHWZHHQGLIIHUHQWW\SHVRILPDJHFRQQHFWLRQVLQFRUSRUDWLQJZHLJKWVRQ
HQVHPEOHFRKHUHQFHYDOXHXVLQJGLIIHUHQWSDUDPHWHUVIRUDSULRULDQGDSRVWHULRULVHOHFWLRQRIWKHSRLQWVDQGRWKHUV
LPSOHPHQWHGLQ6$5352=WKH36GHQVLW\RYHUREMHFWVZLWKGLIIHUHQWGLPHQVLRQVJHRPHWU\RULHQWDWLRQPDWHULDODQG
WKHDPRXQWRIGLVSODFHPHQWVHJIRUORQJEULGJHVWKDWFRXOGFDXVHDOLDVLQJFDQSRVVLEO\EHLPSURYHG,QJOREDOO\
VWDEOHDUHDVZKHUHLWLVKDUGWRGLVWLQJXLVKZKDWLVDQGZKDW¶VQRWDFULWLFDOPRYHPHQWWKHGHFRPSRVLWLRQRIOLQHRI
VLJKWYHFWRUVLQWRKRUL]RQWDODQGYHUWLFDOFRPSRQHQWVLVTXHVWLRQDEOHVLQFHLWUHTXLUHVWRDIIHFWWKHVSDWLDOFRPSRVLWLRQ
RI36QHWZRUNVLQRUGHUWREULQJSRLQWVIURPDVFHQGLQJDQGGHVFHQGLQJJHRPHWULHVWRJHWKHULQWHUSRODWLRQUHJXODU
JULGFOXVWHULQJHWF7KHVDPHGLVWRUWLRQWRWKHILQDOUHVXOWVZRXOGEHLQYROYHGE\MRLQLQJREVHUYDWLRQIURPGLIIHUHQW
VDWHOOLWHV LQWRRQHFRQWLQXRXV LQIRUPDWLRQ7KHTXHVWLRQ LVKRZWRSHUIRUPTXDOLW\FRQWURO LQPXOWLVHQVRU,Q6$5
GHIRUPDWLRQPRQLWRULQJ"$QGKRZWRDVVHVVVFDWWHUHUVZLWKH[WUHPHYHORFLWLHVDPRQJORZFRKHUHQWDUHDV"7RIXOO\
LQYHVWLJDWH WKH UHVHDUFKREMHFWLYH WKHNQRZOHGJH DERXW WKHREVHUYDWLRQ VWDWLVWLFVRI36,Q6$5 LV HVVHQWLDO IRU WKH
GHVFULSWLRQRIWKHGLVSODFHPHQWSDUDPHWHUV7RDVVHVWKHSUHFLVLRQDQGUHOLDELOLW\RIWKHHVWLPDWHGSDUDPHWHUVDQGWKHLU
UHODWLRQWRWKHVLJQDORILQWHUHVWLWLVQHFHVVDU\WRSHUIRUPH[SORUDWRU\GDWDDQDO\VLVGDWDPLQLQJRUHYHQLQFRUSRUDWLQJ
PDFKLQHOHDUQLQJDOJRULWKPV7KHZRUNRQWKLVVLWHKDGPRWLYDWHGXVWRGHYHORSDVLPSOHSODWIRUPIRUPXOWLYDULDWH
RXWOLHUGHWHFWLRQDQGSRVWSURFHVVLQJRIPXOWLWHPSRUDO,Q6$5UHVXOWVDSSOLFDEOHIRUWKHGHWHFWLRQRIGHIRUPLQJDUHDV
E\PHUJLQJGLVSODFHPHQWPDSVWRJHWKHUZKLOHNHHSLQJVWUXFWXUHRIWKHGDWDDQGZHDOWKVRXUFHRILQIRUPDWLRQSURYLGHG
LQHDFK36SRLQW
&RQFOXVLRQ
$FFRUGLQJ WR VWDQGDUG 36,Q6$5 DQDO\VLV SURYLGHG LQ WKLV ZRUN WKH LQYHVWLJDWHG XUEDQ DUHD RI %UDWLVODYD LV
VXIILFLHQWO\ VWDEOH LQ ZKROH PRQLWRULQJ SHULRG IURP  WR  36,Q6$5 DSSOLFDELOLW\ IRU WKH GHIRUPDWLRQ
PRQLWRULQJGHSHQGVRQWKHVSDWLDOSDWWHUQZDYHOHQJWKDQGUHYLVLWWLPHRI6$5HTXLSSHGVDWHOOLWHV7KHDYDLODELOLW\
RI SHUVLVWHQW VFDWWHULQJ WDUJHWV XVLQJ VWDQGDUG 36,Q6$5 DQDO\VLV DQG GLIIHUHQW 6$5 VHQVRUV YDULHV VLJQLILFDQWO\
WKURXJKRXW WKHPRQLWRULQJ SHULRGV 7DE  )LJ   %HVLGH WKH WHPSRUDO DQG JHRPHWULFDO GHFRUUHODWLRQ WKDW LV
SUHYHQWLQJWKHGHQVLW\RI36SRLQWVWRUHDFKKLJKHUOHYHOVWKHUHDUHLPSHUIHFWLRQVLQVXSSRVHGPDWKHPDWLFDOPRGHOV
IRUHVWLPDWHGSDUDPHWHUVQRQOLQHDUPRYHPHQWVKLJKSKDVHJUDGLHQWVVHDVRQDOSDWWHUQVHWFDQGRWKHUUHDVRQVRI
LQFRKHUHQFH HJ VXESL[HO SRVLWLRQ VLGHOREH REVHUYDWLRQV RUELWDO LQDFFXUDFLHV DWPRVSKHULF GLVWXUEDQFHV HWF
$OWKRXJKORWRIDGYDQFHVKDYHEHHQDFKLHYHGLQH[SORLWLQJORZRUSDUWLDOO\FRKHUHQWWDUJHWVDQGDUHFHUWDLQO\
ZRUWKRIDSSO\LQJLQUHSURFHVVLQJRIKLVWRULFDOGDWDVHWVWKHDVVHVVPHQWRIPRGHOLPSHUIHFWLRQVFDQEHVLJQLILFDQWO\
LPSURYHG E\ WKH XWLOL]DWLRQ RI ODUJHU GDWDVHWV 7KDQNV WR WKH GHYHORSPHQW RI QHZ;%DQG KLJKUHVROXWLRQ 6$5
VDWHOOLWHVWKHSRVVLELOLWLHVRIJURXQGGHIRUPDWLRQPRQLWRULQJLQKLJKHUDFFXUDFLHVLVUHDO7KHQHZ;EDQGVHQVRUV
SURYLGHVSDWLDOUHVROXWLRQVLQRUGHURIPDJQLWXGHEHWWHU WKDQSUHYLRXVO\DYDLODEOHVDWHOOLWH6$5VHQVRUVHJ(56
(QYLVDW7KLVDSSHDUVWREHSURPLVLQJLQPRQLWRULQJGHQVHOLQHDUIHDWXUHVWUXFWXUHVDQGULJLGVWUXFWXUHVDQGSURYLGLQJ
PRUHGHWDLOHGJURXQGIHDWXUHV0RUHRYHUZLWKWKHVKRUWHUUHYLVLWWLPHVGD\VIRU7HUUD6$5;LWLVSRVVLEOHWR
SURFHVVDORQJVHULHVRI6$5GDWDDQGH[SDQGWKHVWDQGDUG36,Q6$5PRGHOWRDFFRXQWIRUDVHDVRQDOFRPSRQHQWVRU
QRQOLQHDUPRYHPHQWV2QWKHFRQWUDU\WKHLPSURYHGFRYHUDJHRI6HQWLQHO$¶V72367HUUDLQ2EVHUYDWLRQZLWK
3URJUHVVLYH 6FDQVPRGHZLWK GD\V UHYLVLW SHULRG DIWHU ODXQFK RI 6HQWLQHO% DQG KLJKHU VSDWLDO UHVROXWLRQ RI
5DGDUVDW¶V )LQH PRGH ZLWK VWDWHRIDUW RUELW FKDUDFWHULVWLFV LV RI JUHDW EHQHILW IRU DQDO\VLV SURYLGHG RQ WKH
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